Introduction
Due to their large aspect ratio, semiconductor nanowires (NWs) could exhibit confinement effects and thus, they are expected to play a key role in future electrical and optical devices. Among all the NWs, silicon (Si) and germanium (Ge) NWs have the advantages to be compatible with the current micro and optoelectronic technologies and they can be directly integrated into silicon chips. Amorphous or crystalline Si and Ge NWs with diameters ranging from a few hundred nanometers to a few nanometers give promising potential for many applications in nanoelectronic devices such as biological sensors, battery devices, IR and visible light emitters, field effect transistors.
A large variety of techniques have been used for the preparation of Si and Ge NWs. Most of the time, such NWs are obtained by using metallic (mostly gold) nanoparticles as catalysts to control the diameter of the NWs. Chemical vapor deposition [1] or thermal evaporation [2] enable the growth of crystalline NWs of good quality but also require constraining conditions such as high vacuum or high temperature. Furthermore, the gold nanoclusters could diffuse on the NWs surface and alter their properties.
Electrodeposition through nanoporous membranes is an alternative simple low-cost process for the preparation of semiconductor NWs with the advantage to be performed at room temperature. Furthermore, it does not necessitate metallic precursors and thanks to use of membranes, it is possible to obtain a well ordered array of NWs with very homogeneous diameters and lengths. If this method was quite simple when using aqueous solutions to prepare ZnO [3] NWs, until recently, it was impossible to prepare semiconductors such as Ge or Si with a reduction potential higher than the reduction potential of water. Indeed, in this case, the hydrolysis of the aqueous solvent starts before the reduction of the concerned ions and films composed of the desired element could not be grown due to hydrogen evolution instead of the deposition. Recently, this drawback has been resolved by using ionic liquid instead of aqueous solvent. Ionic liquid have a reduction potential much higher than the one of the water and thus, their electrochemical windows are much larger [4] . Such liquid have also the advantage to avoid the Si or Ge/water chemistry which lead to an oxidation of the pure elements. By choosing ionic liquid with a reduction potential superior to the one of Si and Ge, it is possible to prepare Ge and Si NWs. In this paper, we report on the potentiostatic electrochemical deposition in polycarbonate membranes of amorphous Si and Ge NWs with diameters of 110 and 400nm. Structural characterization techniques and spectrometries show that the as-deposited Si and Ge NWs are amorphous and homogenous in composition and sizes. Preliminary photoluminescence experiments show that the amorphous SiNWs exhibit strong emission in the near infrared range.
Experimental
The Si NWs were prepared in an electrolytic bath composed of 1-butyl-1-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide (P1,4) purchased from Solvionic SA (France) and SiCl 4 1M (99.998%) purchased from Aldrich while for the Ge NWs SiCl 4 was replaced by GeCl 4 (99.9999%).
To prevent a possible oxidation from the air, the solutions and the electrodeposition process were made in a glove box containing less than 1 ppm of water and less than 1 ppm of O 2 . Commercially PC membranes provided by IT4IP SA (Belgium) with perpendicularly pierced pores with nominal diameters of 110nm and 400nm were used as templates for the growth of the NWs. One side of the membranes was sputtered with a gold layer to act as working electrode during the electrochemical deposition. Counter and reference electrodes are Pt wires. After the growth process, membranes were taken out from the electrochemical bath. To make the structural analysis, the gold layer was dissolved in KI/I 2 solution and the NWs were released by dissolving the membranes in distilled CH 2 Cl 2 . For the scanning transmission electron microscopy (STEM) experiments, Si NWs were collected on a copper grid while for the scanning electron microscopy (SEM) analysis, the Ge NWs were collected on a crystalline silicon substrate. The JEOL JSM-6440 SEM and the Philips CM30 STEM used are both equipped with an energy x-ray dispersive (EDX) spectrometer. Photoluminescence experiments were performed using the 325nm line of a He-Ne laser as the excitation source and the signal was analyzed by a CCD detector placed behind a monochromator.
Results and discussion

Electrochemical study
In order to understand the electrochemical process of Si and Ge deposition, cyclic voltammograms have been performed. The voltammetry technique consists in studying I(V) curves to understand the different electrochemical reactions that take place at the substrate interface. Figure 1 . In the case of Si, three reduction peaks are observed at -2.2V vs Pt reference electrode, at -2.7V and around -4V. They correspond to the adsorption of the silicon on the gold layer and/or to gold surface reconstruction, to the silicon electrodeposition within the pores and to the solvent reduction, respectively. On the reverse scan, the observed oxidation peaks are attributed to silicon and gold oxidation. As the reduction peak of silicon was observed at a potential of -2.7V vs Pt, Si NWs have been electrodeposited at this potential. For the Ge NWs, the first reduction peak located at -1.3V vs Pt is correlated with the reduction of Ge(IV) to Ge (II) while the second peak at -2.2V corresponds to deposition of Ge. The peak at -4V corresponds to the reduction of the ionic solvent. The oxidation peaks in the back scan are attributed to germanium and gold oxidation. For the growth of the Ge NWs, 
NWs characterizations
In this section, only typical images are presented to demonstrate the potentiality of this preparation technique. Other images of Si and Ge NWs with different densities and sizes have already been reported elsewhere [5, 6] . The characterization results are similar for all the NW diameters. characteristics. Nevertheless, smaller NWs coming from the breaking of entire NWs during the cleaning process are distinguishable on the image. Some pieces of the membrane are remaining on the wire surfaces due to an incomplete cleaning process. The EDX spectrum also confirms that the NWs are made of elemental Ge with a small amount of oxide coming from the air exposure or from some remaining membrane pieces. The Si signal in the spectrum does not come from the Ge nanowires but from the substrate used to observe the wires. Whether for the Si or the Ge NWs, no impurities were detected which shows that contrary to the NWs prepared with Au catalytic nanoclusters, no gold is diffusing along our NWs.
Photoluminescence results
As some of the potential applications of the NWs are linked to their emission properties, preliminary photoluminescence experiments were performed on the Si NWs. Amorphous NWs could be more efficient than crystalline ones since the efficiency in amorphous silicon is supposed to be higher than in crystalline silicon [7] . The figure 3 shows the room temperature PL spectrum of a bunch of 110nm Si NWs. Two bands are observed, a small and broad one located at 580nm which is usually attributed to silicon oxide defects and one intense and narrower one located around 880 nm. Such peak has already been observed in amorphous silicon films or related structures. It could be explained by a spatial confinement mechanism [8] or by a band-tail recombination mechanism [9] . Further experiments need to be performed to explain the observed PL. 
Conclusion
Amorphous Si and Ge nanowires with controlled diameters could be prepared by electrochemical template synthesis in ionic liquid. This simple and low-cost technique enables to prepare at room temperature cylindrical and smooth Si and Ge NWs with homogeneous composition. Because of the growth mechanism, neither gold nor impurities are detected in the NWs. This innovative process could be an alternative to the more constraining high vacuum techniques.
